done on how asymmetric warming influences ecological function, especially at large scales. To address this issue, Peng and colleagues have analysed satellite-derived data sets of plant greenness, which is a proxy for plant growth.
The authors found that ecosystems in cool, wet temperate and boreal regions such as northwestern North America and Japan, and those in cold regions such as Siberia and the Tibetan plateau, seem to have benefited most from daytime temperature increases over the period considered . By contrast, ecosystems in dry temperate regions, such as central Eurasia and western China, showed the opposite effect: increasing daytime temperatures correlated with decreasing plant greenness. These contrasting responses broadly agree with expectations for ecosystems in which plant growth is limited primarily by temperature (cool, wet climates) or moisture (warm, dry climates).
More intriguingly, Peng and colleagues found that ecosystems in many of the boreal and wet temperate regions grew less well in response to increases in night-time minimum temperatures -the opposite effect to their response to increasing daytime maximum temperatures (Fig. 1) . Conversely, in many arid and semi-arid regions, such as the grasslands of China and North America, increasing night-time minimum temperatures correlated positively with plant greenness.
Peng et al. used a statistical approach to control for other contributing environmental variables, such as solar radiation and precipitation. This allowed them to isolate the interannual greenness responses to daytime maximum and night-time minimum temperature variations. The authors confirmed the statistical validity of their findings using other techniques, and also analysed the sensitivity of the greenness response to alternative interpolated climate data sets and at individual weather-station locations. Importantly, the different analyses all confirmed the same broad conclusions.
A strength of this study is that the researchers explored ecosystem responses to asymmetric warming using a variety of other large-scale data sets, and found similar patterns. One data set was for the net exchange of carbon between land and the atmosphere -a quantity that integrates photosynthesis and respiration, and which was inferred from a multi-year analysis 3 . Peng and co-workers found that this quantity correlated positively with daytime temperature variations for cool and wet boreal ecosystems, but negatively with night-time temperatures for these ecosystems. They also observed that the amplitudes of the seasonal cycles of carbon dioxide levels measured at Point Barrow, Alaska, and Mauna Loa, Hawaii, vary in the same way with daytime and night-time temperature variations in boreal regions, but not in temperate areas.
Peng et al. focused only on boreal and temperate ecosystems. The response to asymmetric warming of tropical and subtropical ecosystems, which account for most CO 2 exchange between the land and the atmosphere, is not clear and merits further investigation. Previous work 4 at a well-studied tropical forest revealed a negative correlation between tree growth and annual mean daily minimum temperatures, a response broadly similar to Peng and colleagues' findings for boreal forests. Tropical forests are thought to be vulnerable to warming 5 , with some evidence 6 suggesting that they are already near high-temperature thresholds above which growth could be restricted. Future research could help to fill major gaps in our understanding of thermal tolerance and acclimation in tropical and subtropical plant species, and thus their response to warming 5, 7 . So what are the physiological mechanisms that drive large-scale correlations between temperature variations and ecosystem metabolism? The commonly discussed mechanisms involve biochemical responses to temperature, but with some interesting twists. For example, the positive correlation found between nighttime minimum temperatures and greenness in semi-arid grasslands is puzzling, but might be related to greater night-time plant respiration that stimulates increased daytime photosynthesis 8 . Increases in night-time respiration have also been invoked in a pioneering study 9 of nocturnal warming that documented different plant responses in grassland: the dominant grass species declined in response to increases in night-time temperature during spring, whereas other plant species that use a different photosynthetic pathway increased in number.
A research agenda to investigate these mechanisms further should include manipulative field and mesocosm experiments (in which small parts of a natural ecosystem are enclosed and warmed). Experimental warming studies are lacking for many ecosystems.
Even fewer night-time warming experiments have been conducted so far, with most being in shrublands 10 or grasslands and croplands 8 ; warming experiments that truly impose asymmetry between day and night warming are rare 11 . There is a particularly urgent need for warming studies in forests, which dominate the global carbon cycle and climate feedbacks.
However 
Recycling in sight
Vision requires the continuous recycling of photobleached pigments. An atypical form of a degradative pathway called autophagy seems to participate in this process in retinal pigment epithelial cells.
PAT R I C I A B OYA & PAT R I C E C O D O G N O
V ision begins with the absorption of photons by light-sensitive photoreceptor cells in the retina. When photons arrive, chromophore molecules in the photoreceptors undergo conformational changes and trigger the photo transduction cascade, which converts light into electrical impulses that travel to the brain and are transformed into the images that we see. To sustain vision, the chromophore 11-cis-retinal must return to its original conformation through a process known as the visual cycle. Writing in Cell, Kim et al. 1 demonstrate that one process that contributes to the proper functioning of the visual cycle is an atypical form of autophagy -the 'self-eating' pathway through which cells recycle their components by degrading them in cellular organelles called lysosomes.
The visual cycle involves tight regulation of the interaction between photoreceptors and the adjacent retinal pigment epithelium (RPE) cell layer; the latter nourishes photo receptors and improves the quality of the optical system of the eye by absorbing scattered light. Another key role of the RPE is degradation and re cycling of the photoreceptor outer segments (POSs), which are damaged by the impact of millions of photons every day. Each morning, the distal 10% of POSs are engulfed (phagocytosed) by the RPE and degraded inside lysosomes. Whereas this phagocytic process has been known for decades, the intimate molecular and cellular mechanisms of chromophore and photoreceptor recycling have remained unclear.
Kim et al. demonstrate that selected proteins implicated in autophagy are necessary for the degradation of POSs. Specifically, they show that POS phagocytosis coincides with an increase in the levels of the autophagy marker protein LC3-II, and that it involves an atypical autophagy pathway called LC3-associated phagocytosis (LAP). Moreover, in the RPE, LAP requires typical autophagy regulators such as the Atg5 protein (Fig. 1) . However, it is independent of the proteins of the autophagy pre-initiation complex that in typical autophagy mediate the formation of autophagosomal vesicles to sequester cytoplasmic components 2 , consistent with previous work 3 . Given that, in LAP, the phagosomal vesicles carrying the material to be degraded have already formed, it is perhaps not surprising that this process is independent of the autophagy pre-initiation complex.
Maturation of phagosomes usually involves their acidification and the acquisition of degradative enzymes to break down the ingested material. Why, then, are autophagy proteins required for LAP? It is thought that recruitment of autophagy proteins to the phagosomal membrane allows its rapid fusion with lysosomes, enhancing degradation 4 . In support of this view, Kim and co-workers observed no defects in phagocytic uptake in Atg5-deficient RPE cells. However, the phagosomes in these cells failed to migrate towards the basal side of the cells, where fusion with lysosomes occurs. Furthermore, maturation of the protease enzymes required for degradation was impaired, and the expression of lysosomal-membrane glycoproteins in these phagosomes was reduced, suggesting impaired phagosome-lysosome fusion. At least in this setting, therefore, LAP does seem to promote trafficking of phagosomes and their fusion with lysosomes, ensuring rapid recycling of POSs.
The visual cycle is a transcellular process by which RPE cells maintain the supply of chromophores for the regeneration of visual pigment in photoreceptors (Fig. 1) . When photoreceptors absorb light, 11-cis-retinal is converted to all-trans-retinal through isomerization. All-trans-retinal is then released from the membrane-bound receptor opsin and reduced to all-trans-retinol (vitamin A), which diffuses to the intercellular space and enters the adjacent RPE cells, where it is transformed back into 11-cis-retinal 5 . Other sources of vitamin A are the blood and POS phagocytosis by the RPE 6 . Kim and co-authors show that autophagy proteins mediate 11-cis-retinal recycling following POS phagocytosis. Although many aspects of this process remain unclear, chromophore recovery from discarded POSs may represent a highly efficient mechanism for recycling. Each day during POS shedding, around 10% of the total ocular pool of retinoids passes through the phagolysosomal system of RPE cells. The present paper suggests that at least some of the 11-cis-retinal can be recovered and used to regenerate visual pigment without the involvement of intercellular transport systems or enzymes of the visual cycle, which are often mutated in retinal diseases 6 . The authors further show that mice specifically lacking Atg5 in their RPE have impaired vision and reduced chromophore levels. Interestingly, previous work 7 has found that retinal ageing is associated with decreased autophagic activity and a parallel reduction in night vision; these traits were mimicked by Atg5 deletion in retinal precursors. Also, in the lens, defects in autophagy-protein function result in agerelated cataracts 8 . And retinal ganglion cells lacking Atg5 and Atg4, another autophagyassociated protein, show increased sensitivity to optic-nerve damage 9 . A common feature of these autophagyimpaired mutations is the accumulation of toxic products, suggesting a defect in intracellular quality control. For instance, accumulation of lipofuscin, a cellular waste product derived from the incomplete digestion of POSs, is frequently observed in human retinal diseases such as age-dependent macular degeneration 6 . This disease is caused by a primary malfunction of the RPE, which leads to photoreceptor death and subsequent blindness.
Kim et al. did not investigate whether there was an increase in lipofuscin levels in their Atg5-deficient mice. But photoreceptor numbers remained normal in these mutants, even after 7 months. And the authors could reverse the effects of Atg5 deletion on vision by giving the animals retinoid supplements. These results suggest that downregulation of autophagy primarily causes alterations in the visual cycle and not defects in intracellular quality control, as was previously thought.
Vitamin A and retinoid supplements have also been used to treat some retinal disorders associated with visual-cycle defects and ageing 6 . Intriguingly, retinoid derivatives increase the activity of chaperone-mediated autophagy 10 -a form of autophagy that is have perturbed immune responses and a diminished amount of lymphoid tissue, which is an integral part of the immune system. A study by Wesemann et al. 4 , reported on page 112 of this issue, extends the spectrum of these mutualistic inter actions by reporting that B cells can undergo development in the mouse intestine, and that this is influenced by resident non-pathogenic bacteria*.
B cells produce antibodies. These bind specifically to a wide array of antigen molecules and flag them for elimination by other immune cells. Antibodies consist of a heterotetramer of proteins: two identical immunoglobulin heavy upregulated in the retina as a compensatory response to age-associated decreases in macro autophagy, one of the more common autophagic pathways 7 
